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HOOKWORM    DISEASE 

(OR  GROUND  ITCH  ANEMIA): 

ITS  NATURE,  TREATMENT.  AND  PREVENTION. 


By  Ch.  Wardell  Stiles,  Ph.  D., 

Professor  of  Zoology,  Hygienic  Laboratory,  United  States  Public  Health  and   Marine- 
Hospital  Service. 


INTRODUCTION. 


The  present  paper  is  prepared  to  meet  a  constantly  increasing 
demand  for  a  general  discussion  on  hookworm  disease.  It  is  intended 
primarily  for  physicians.  For  further  details  the  reader  is  referred 
to  the  bibliography  at  the  end  of  this  paper. 

CAUSE    OF   HOOKWORM   DISEASE. 

Hookworm  disease,  known  technically  as  Uncinariasis,  is  caused 
by  small  round  worms  belonging  to  the  subfamily  Uncinariinse. 
There  are  a  number  of  different  species  of  hookworms  known  for 
various  animals,  as  man,  dogs,  cattle,  sheep,  swine,  seals,  etc.,  but 
■the  forms  which  occur  in  man  are  peculiar  to  man  and  do  not  reach 
maturity  in  our  domesticated  animals;  neither  do  the  forms  which 
occur  in  the  latter  develop  to  maturity  in  man. 

For  man,  two  different  species  of  hookworms  are  known,  namely, 
the  New  World  form  (Necator  o,mericanus)  and  the  Old  World  form 
(Agchylostoma  duodenale).  The  vast  majority  of  cases  of  hookworm 
disease  in  man  in  the  United  States  are  due  to  the  New  World 
hookworm;  but  occasionally  cases  are  found  which  are  caused  by 
the  Old  World  parasite.  The  latter  cases  are  usually,  if  not  always, 
found  either  among  immigrants  or  in  native-born  Americans  who 
have  been  outside  the  United  States. 

The  New  World  hookworm  (figs.  1,  14,  and  15)  is  a  slender  worm, 
about  half  an  inch  long  and  scarcely  thicker  than  a  small-sized  hairpin. 

In  its  adult  stage  the  parasite  lives  in  the  small  intestine,  espe- 
cially in  the  upper  half,  occasionally  also  in  the  stomach.  It  attaches 
itself  to  the  intestinal  wall,  wounds  the  mucosa,  sucks  the  blood, 
eats  the  epithelium,  and,  according  to  present  evidence,  it  apparently 
produces  a  poisonous  substance  which  injures  the  host. 
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SYMPTOMS. 

At  least  two  distinct  stages  must  be  recognized  for  hookworm  dis- 
ease; but  in  case  of  repeated  infections  both  stages  may  be  present 
at  the  same  time.  These  stages  are  the  cutaneous  (p.  7)  and  the 
intestinal  stage  (p.  7). 

CUTANEOUS    STAGE. 

The  young  hookworm  larviie  (fig.  16)  may  gain  entrance  to  the 
body  either  through  the  skin  or  by  being  swallowed.  When  they 
enter  through  the  skin  they  cause  a  condition  kno^\^l  in  the  South  as 
"grounditch,"  "foot itch,"  "toe  itch,''  "dewitch,"  "dew poison," etc. 

"Ground  itch"  has  not  been  thoroughly  studied  as  yet.  It  is, 
however,  established  beyond  question  that  numerous  cases  of  ground 
itch  are  due  to  hookworm  invasion.  In  addition  there  are  many 
cases  of  so-called  "ground  itch"  which  do  not  appear  to  be  followed 
by  the  intestinal  stage  of  hookworm  disease.  The  explanation  of 
this  is  not  as  yet  altogether  clear;  but  several  possibilities  suggest 
themselves.  The  possibility  is,  for  instance,  present  that  some  cases 
of  ground  itch  are  due  to  the  parasite  of  Cochin-China  diarrhea 


(  ) 


Fig.  1.— Male  and  female  hookworms  (yecalor  americanu.^),  natural  size. 

{Htrongyloides  stercoral  is),  which  is  very  common  in  some  tropical 
and  subtropical  countries.  Again,  it  is  by  no  means  impossible  that 
the  hookv^'orms  of  some  of  our  domesticated  animals  may  cause 
ground  itch  in  man,  althougii  no  case  has  l)ecn  found  in  which  these 
pani.sites  roach  maturity  in  the  human  ])oiug.  Still  a  third  possi- 
bility is  that  wliiil  we  now  term  "ground  itch"  may  eventually 
j)r()ve  to  cover  a  number  of  distinct  conditions,  the  causes  of  which 
arc  at  [)rescnt  not  thoroughly  understood. 

In  my  experience  about  87  per  cent  of  hookworm  cases  definitely 
admit  a  inslorv  of  giomid  itch. 

Treiilnient  of  grouinl  itch  is  nt»t  nllogether  satisfactory,  if  by 
satisfuctor}'  treatment  is  nicMnt.  nn  iii)orlion  of  the  disease.  The 
local  irritation  can  be  soniewiiat  relieved,  idthoiigh  the  yonng  hook- 
worniH  will  not  thereby  be  killed.  The  infected  portion  shonid  be 
kej)t  thoronghly  cleim,  ns  by  washing  with  warm  water  and  green 
Hoap,  and  then  treated  with  .some  disinfecting  substance,  such  as 
rarboli/<<Ml  vaseline,  zinc  ointment,  etc.;  in  addition  it  is  well  to 
bandage  the  infected  area  and  to  have  the  patient  wear  shoes  and 
HtockingH,  in  ordcM-  to  prevent  liim  from  scratching  the  lesion. 


INTESTINAL   STAGE. 


From  the  skin  the  young  parasites  wander  to  the  intestine,  as 
described  on  pages  37-38.  Their  effects  upon  the  patient  vary 
according  to  the  physical  condition  of  the  latter,  the  intensity  of 
infection,  and  perhaps  also  according  to  other  factors  not  yet  thor- 
oughly understood.  The  "dirt  eater""  represents  the  typical 
extreme  case  of  hookworm  disease,  and  the  intensity  of  symptoms 
may  vary  from  those  observed  in  the  ''dirt  eater"  to  cases  in  which 
the  patient  is  not  aware  of  any  subjective  s^^mptoms,  and  in  which 
the  infection  may  not  even  be  suspected  until  found  by  a  chance 
microscopic  examination. 

The  description  of  the  symptoms  given  here  is  based,  in  general, 
upon  the  severe  infections  as  found  in  the  white  race.  The  symp- 
toms may,  of  course,  be  less  intense  in  lighter  cases. 

In  general,  the  patient,  if  infected  before  puberty,  is  retarded  in 
his  development,  both  physical  and  mental,  and  shows  a  more 
or  less  extreme  anemia.  A  person  21  years  of  age  may  appear  not 
better  developed  than  one  14  to  18  years  old. 

External  appearance. — STcin:  In  general,  the  skin  is  dry,  and 
there  is  a  noticeable  absence  of  perspiration.  The  color  may  be 
waxy  white  to  dirty  yellow;  it  has  a  resemblance  to  tallow,  especially 
on  the  forehead  and  on  the  alse  of  the  nose,  and  the  observer  seems 
to  look  through  the  superficial  layer  down  into  a  deeper  layer. 
Atrophic  areas  of  the  skin  may  be  seen  in  cases  of  long  standing. 

Hair:  The  hair  of  the  head  is  dry,  reminding  one  of  hemp.  The 
beard,  axillary,  and  pubic  hairs  may  be  very  late  and  scant  of  growth. 

Edema:  Edema  may  be  present  on  the  face,  feet,  legs,  scrotum, 
or  entire  body.  It  seems  to  be  especially  common  over  the  cheek 
bones,  and  may  frequenth*  be  noticed  even  in  photographs. 

Wounds  and  ulcers. — If  a  skin  wound  is  present,  it  is  likely  to  be 
rather  slow  in  healing.  Many  of  the  patients  (about  57  per  cent  of 
the  well-marked  cases)  either  show  tibial  ulcers  or  give  a  history  of 
such  lesions. 

Head:  The  face  is  likely  to  show  an  anxious,  ofttimes  stuj)id 
expression.  Dark  lines  under  the  eyes  arc  common.  The  visible 
mucous  membranes  may  l)e  chalky  white.  The  ])ui)ils  show  a  ten- 
dency to  dilatation,  even  when  facing  a  strong  light;  many  patients 
exhibit  a  peculiar  blank  stare;  night  blindness  is  reported  in  a  num- 
ber of  instances.  Tlioie  is  likely  to  be  an  edema  over  the  cheek 
bones.  The  line  of  demarcation  between  (he  lips  and  skin  may 
entirely  disappear. 

Neclc:  Cervical  pulsation  may  be  very  i)roniincnt,  and  is  frequently 
visible  6  to  12  feet  distant. 

o  "  Dirt  eating"  niay,  of  course,  dcvi'lop  from  causes  otlicr  than  hookworm  disease. 
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Thorax:  The  thorax  mar  be  so  emaciated  that  the  ribs  stand  out 
venr  prominently.  The  shoulders  droop  and  are  thrown  forward; 
the  shoulder  blades  stand  out  prominently  (winged  shoulder  blades) ; 
frequently  the  obserA'er  can  sink  his  entire  hand  below  the  median 
margin  of  the  scapula?,  and  even  run  liis  fingers  for  a  distance  between 
this  margin  and  the  ribs. 

Abdomen:  In  many  instances  the  abdomen  is  so  swollen  as  to 
remind  one  of  pregnancy.  This  condition  is  known  locally  as  "pot- 
belly," "buttermilk-belly,"  or  "shad-belly." 

Digestive  system. — The  appetite  varies  exceedingly.  There  is  a 
decideil  tendency  to  the  development  of  an  unusual  desire  for  articles 


Kif.  -'. 


Fig.  3. 


Fjo.  2. — rip-atly  onlargc*!  view  of  the  head.  The  uppor,  rather  qiiadranpular  structiiro  represents  the 
mouth:  Jtjst  liolow  are  si-en  4  cuttinK  plates,  or  jaws,  arraiiped  in  pairs  and  usually  called  lips,  by 
means  of  which  the  worm  attachi*  itself  to  the  lining  of  the  inti-stine;  In  the  median  line  Is  seen  a 
conical  tooth-llJce  projection,  on  the  summit  of  which  a  gland  opens.    Original. 

Fio.  3.— The  some  view,  hut  at  slightly  deejier  plane,  showing  the  liuecal  cavity;  ono  pair  of  plates 
and  the  '■  dorso-mi-dian  tooth  "  stand  out  very  prominently;  at  the  side  of  this  ••  tooth  "  is  seen  a  jtair 
of  lancets.     Original. 


<»f  fo<)(I  ill  some  pnrticiiiiir  line,  as  fcir  pickles,  coircc,  lemons,  etc.; 
in  vcrj'  severe  cases  tliis  tendency  niiiy  l.ike  llie  direction  of  "dirt- 
eiitiug,  "  that  is,  the  patient  may  eat  wood,  smid,  clay,  chiinney  soot, 
plaster,  cotton,  wool,  etc.;  one  case,  in  which  a  boy  ato  three  coats,' 
tlireud  by  threinl,  in  one  year's  time,  has  cniiie  under  my  persomil 
obs<>rvii(ion.  I'smdiy  patients  will  deny  llii^  habit,  even  when 
evicjence  of  it  is  found  in  their  nn)iith.  I  nm  now  becoming  per- 
HUiided  that  some  of  the  tohaeeo  chewing  tind  snulf  dipping,  found 
in  eertnin  sections  of  the  coiintiy,  has  its  origin  directly  or  indirectly 
in  iiookworni  disen.se,  for  I  liavt^  known  of  ca.ses  where  parents  taught 
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their  children  (one  case,  a  boy  4  years  okl)   to   dip  snuff  and  to 
chew  tobacco  in  order  to  prevent  them  from  "growing  pale." 

The  stomach  is  enlarged  in  many  cases.  "Heartburn"  and  flatu- 
lence are  common.  Nausea  and  vomiting  are  reported.  Pain  and 
tenderness  in  the  epigastrium  are  present.  Ashford,  King,  and 
Gutierrez  (1904)  give  this  as  "the  most  constant,  most  suggestive, 
and  most  clearly  marked  of  all  symptoms  of  the  digestive  tract." 
The  tenderness  is  more  marked  on  inspiration;  it  is  median  and  con- 
tinues toward  the  right,  but  is  less  marked  and  may  even  disappear 
toward  the  left.  Frequently  patients  will  shrink  from  the  mere 
weight  of  the  observer's  hand  at  the  points  in  question.  Frequently 
there  is  tenderness  on  expiration  in  the  eleventh  dorsal  intercostal 
space. 


Fig.  4. 

Fig.  4. — The  same  view,  but  at  still  deeper  focus,  and  the  specimen  is  in  slightly  different  position. 
The  four  structures  in  the  center  represent  the  bases  of  the  four  lancets  which  guard  the  entrance  to 
the  csojjhagus,  which  is  seen  in  the  background.     Original. 

Fig.  5. — Lateral  view  of  the  head,  at  deep  focus.  In  the  buccal  cavity  arc  seen  the  prominent  dorso- 
median  tooth  and  one  of  each  pair  of  lancets  guarding  the  entrance  to  the  esophagus.  By  means  of 
Its  powerful  esophagus,  the  worm  sucks  down  a  portion  of  the  intestinal  wall  into  this  buccal  cavity 
against  these  pointed  structures,  as  may  occasionally  be  observed  under  the  microscope.    Original. 

Constipation  is  so  common  that  in  some  localities  hookworm 
disease  is  kn(jwn  as  "constipation;"  dianhoa  may,  however,  be 
present. 

The  feces  vary  in  color.  Authors  are  not  in  accord  in  regard  to 
the  presence  of  blood  in  the  stools.  The  Porto  Rican  Commission 
found  blood  microscopically  in  only  0  cases  and  blood  and  mucus  in 
5  cases  in  over-  22, ()()()  fecal  examinations.  I  have  ko])t  no  statistic-s 
on  this  point,  but  I  have  frequently  and  repeatedly  found  blood,  and 
there  arc  autopsy  records  of  large  clots  of  blood  in  the  intcstinjil 
canal. 

645:57°     Bull.  32—12 2 
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CiRcrLATORY  SYSTEM. — The  apex  beat  is  pronounced  in  light 
cases:  in  moderate  cases  it  may  be  displaced  downward  and  to  the 
left :  in  marked  cases  there  is  a  reduction  in  the  force  of  the  apex  beat, 
wliich  is  replaced  by  a  wavy,  indefinite  pulsation  in  the  epiirastrium, 
or  an  impulsive,  tumultuous  heaving  of  the  whole  pericardium,  and 
in  these  cases  cyanosis,  chiefly  in  the  lips,  may  be  noticed:  a  pre- 
svstolic  thrill  is  not  infrequent  in  moderate  and  especially  in  severe 
cases  (Ashford.  King,  and  Gutierrez) ;  m  moderate  cases,  hyper- 
trophy, especially  of  the  left  ventricle,  causes  an  enlargement  of  the 
heart  area:  the  murmurs  are  best  heanl  in  the  third  intercostal  space; 
in  moderate  cases,  hemic  murmurs  are  almost  always  present  (Ash- 
ford, King,  and  Gutierrez).  Palpitation  occurs  early  and  is  very 
prominent  and  constant.  Dyspnea  is  very  common,  especially  in 
the  later  stages. 


KiG.  C.-.S«ctlon  throuRh  a  worm,  showing  lu(«-  it  attachos  itself  to  thi-  inicsiinal  wall.    Aflor  a  photo- 
(fTuph  liy  Dr.  W.  .\1.  (iray.  puMlsheil  by  tiutierrez,  MarHiiPZ  iV:  Sein,  1907. 

The  pulse  varies  from  so  to  \'A'2,  without  nny  n('c(>ssaiv  rehilion  to 
th«'  teiiiperatiin':  in  later  stages  it  becomes  dicrotic,  then  weak  and 
coin[)ressil)le.  fiiudly  thready,  irregular,  and  intermittciil. 

liliiod:  One  of  the  most  jironouiiced  symj)toms  is  th(>  anmnia, 
which  i^  so  coiiim<»ii  and  prominent  that  it  has  I)een  taken  as  basis 
for  several  vernacnlar  names  of  (he  disease*  (miner's  anemia,  brick- 
inuker's  anemia,  etc.);  the  conunon  "cotton  mill  an<-mia  of  our 
Southern  States,  popularly  attributed  to  "breathing  in  the  cotton 
lint."  is  nothing  more  nor  less  than  hook\v(trm  disease. 

I'or  <|etailed  descri|)tions  of  the  blood  conditi<»n.  the  reader  is 
referre(|  t«»  the  Porto  Kican  re|)orts.  In  brief,  in  one  series  of  .")H) 
porsofjs,  compared  jis  to  race,  Ashford,  King,  and  Gutierrez  ( 11)01) 
found  that  the  hemoglobin  averaged  I.")  per  cent  in  whites,  over  II 
percent  in  mulattoes,  and  over  lf»  |)cr  cent  in  negroes.     Of  ,')77  per- 
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sons,  the  males  averaged  41  per  cent,  the  females  48  per  cent  in  hemo- 
globin. In  one  case  only  8  per  cent  is  recorded.  During  the  disease 
the  hemoglobin  falls  before  the  red  cell  count,  and  may  reach  as  low 
as  30  per  cent  before  much  change  is  noticed  in  the  red  blood  corpus- 
cles. In  26  cotton  mill  cases,  Coward  and  I  recently  examined, 
the  average  was  62.6  per  cent. 

The  red  cells  may  fall  as  low  as  754,000.  In  Porto  Rico,  61  spe- 
cially selected  cases  averaged  2,406,416.  In  26  cotton  mill  cases  in 
South  Carolina,  Coward  and  I  found  an  average  of  3,910,427.  The 
red  cells  become  polychromatophilic  and  show  poikilocytosis. 

The  white  cells  usually  vary  from  5,000  to  10,000;  leukopenia  may 
be  present  in  chronic  cases.     Little  or  no  eosinophilia  may  be  pre- 


FiG.  7.— View  of  the  umbrella-like  expansion  (bursa)  on  the  tail  of  the  male.    Original. 


sent  in  severe  chronic  cases  with  poor  resisting  power  and  exhausted 
blood-making  organs;  the  Porto  Rican  Commission  interprets  a 
rise  in  eosinophiles  as  of  good  prognostic  import;  their  "special" 
cases  averaged  10.8  per  cent  before  treatment  and  13.2  per  cent  after 
treatment;  this  commission  found  the  following  averages  in  29  cases, 
before  treatment:  Eosinophiles,  17.1  per  cent;  polymorphonuclears, 
54.5  per  cent;  small  lymphocytes,  16.3  per  cent;  largo  lymphocytes, 
8.6  per  cent;  other  leucocytes,  3.5  per  cent. 

Respiratory  SYSTE.%r. — Patients  may  complain  of  difliculty  in 
breathing,  especially  after  exertion. 

Temperature. — The  temperature  may  bo  normal,  subnonunl,  or 
may  reach  100°  to  102°  F. 
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Nervous  system.— Mental  lassitude,  headache,  and  dizzmess  are 
frequently  noticed,  and  patients  are  frequently  noticeably  timid. 
The  effect  upon  the  mind  may  be  very  marked.  Children  at  school 
complain  that  it  is  difficult  for  them  to  study.  Upon  my  examinino- 
school  cliildren  for  uncinariasis,  the  remark  is  frequently  made  to 
me  by  the  teacher  that  I  have  picked  out  "the  most  stupid  children 
in  the  school."     The  tendency  of  the  children  to  ask  to  have  a  question 
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Firi.  S.  — I^utcral  vipw  of  the  tiiil  of  Iho  lUiilo.     OrlRlmil. 

rf'pciitcri  and  flicri  i«»  rcjtcnl  it  t  IicimncIvcs,  Ix-fore  ims\v('i-iii«i:,  is  very 
iiuirkc*!. 

The  pufclliir  icllcx  nmy  he  diriiini^iicd  m-  >ii|)|)r('ssc(r;  tiii<;hii«,'  mid 
forinicaliou  miiy  be  prescrif;  cither  iiisdiiiiHa  (»r  somnolcMcc'  may  be 
innrked;  di/ziiiess  is  coininon.  <'s|)e(inlly  ujxm  sinldenly  risiu<r  f()  the 
feet;  joint  pains  are  coimiuom. 

Mf.scri.Ait  svsTK.M.  —The  liutid  ;:ri|)  is  \V(>ak  and  can  not  bo  lon^' 
Htrstuined.  The  muscles  are  weak  and  liabby.  and  movements  arc 
fliow.  The  patient  tire.s  easily  and  on  this  account  piin.s  u  reputation 
of  l>ein^  liizy. 
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Urixary  system. — The  urine  may  be  neutral  or  alkaline,  excep- 
tionally acid;  it  is  increased  in  amount,  pale  in  color,  and  varies  from 
1,010  to  1,015  in  specific  gravity. 

Genital  system. — The  effects  of  this  disease  upon  the  genital 
system  may  be  very  marked.  If  severe  infection  occurs  in  early 
childhood,  puberty  may  be  delayed  for  several  years.  I  have  known 
gu-ls  of  20  years,  who  menstruated  only  two  or  three  times  a  year,  then 
chiefly  in  winter,  and  girls  of  18  to  26  who  had  never  menstruated. 


~\^ 


Fig.  9. — Ventral  view  of  the  tail  of  the  female. 
Original. 


Fig.  10.— Lateral  view  of  the  tail  of  the  female. 
Original. 


The  menstrual  retardation  and  irreguhirity  are  in  fact  among  the 
most  prominent  and  most  common  symptoms  noticed,  and  there  is 
no  room  for  doubt  that  hookworm  disease  is  one  of  the  most  common 
causes  of  menstrual  disonlers  among  the  southern  girls,  especially  in 
the  cotton  mills  and  in  the  open  country.  It  is  in  fact  so  common 
among  such  girls  that  it  should  be  considered  in  connection  with 
every  case  of  menstrual  disturbance  found  among  them. 

Abortions  mid  iniscnrriagos  are  common;  sterility  and  impotence 
are  reported  as  frequent. 


14 


LETHALITY. 


In  connection  with  the  lethahtr  of  hookworm  disease  it  is  important 
to  note  that  this  infection  has  hothdirect  and  indirect  effects  in  the  death 
rate.  The  Porto  Rican  Commission  estimated  that  about  30  per  cent 
of  the  deaths  on  the  ishind  were  due  to  hookworm  disease.  We  are  not 
in  a  position  to  give  exact  data  on  this  point  for  the  United  States. 
The  view  that  this  is  a  nonfatal  disease  is  superhitivelv  erroneous,  but 
the  more  I  study  its  effects  the  more  I  am  persuaded  that  whatever 
may  be  tlie  number  of  deaths  directly  due  to  hookworm  infection,  the 
indirect  effects  of  the  disease  are  equal  to,  perhaps  greater  than,  the 
direct  effects. 

In  tuberculosis,  for  instance,  when  good  nourishment  and  fresh  air 
are  so  important,  the  diseased  condition  of  the  intestinal  canal  and 
the  lowered  condition  oi  the  blood  must  have  very  serious  results. 
Reiser's  estimate  tliat  hookworm  disease  doubles  the  chances  for 
death  in  cases  of  tuberculosis  seems  entirely  reasonable. 

Garrison's  recent  work  in  Bilibitl  prison  (Manila)  is  very  interesting 
in  this  connection.  Wlien  the  Americans  took  charge  the  death  rate 
was  234;  institution  of  sanitary  reform  brought  this  down  to  about 
75;  here  it  remained,  until  it  was  discovered  that  52  per  cent  of  the 
prisoners  had  hookworms;  systematic  treatment  was  instituted 
against  intestinal  jmrasites,  and  the  death  rate  fell  to  13.5.  It  is  too 
early  as  yet  to  determine  what  proportion  of  this  reduction  is  due 
directly  to  the  freedom  from  hookworms  and  what  {)roportion  to 
other  factors. 

EFFECTS   IN    LATER    LIFE. 

A  |)erson  who  is  especially  familiar  with  hookworm  disease  '-an 
frequently  notice  in  adults  quite  clear  evidence  (in  the  color  and 
(juality  of  the  skin, growth  of  beard,  form  and  carriage  of  the  shoulders, 
.stuturc.  liair,  etc.)  that  a  given  j)eison  has  had  h(»t)kworm  disease, 
probably  in  his  youth. 

DURATION. 

In  case  no  reinfection  occurs,  a  hookworm  j)ati<'nt  may  retain  j^arl 
of  his  infection  for  at  least  six  years  and  seven  months,  probably  for 
about  ten  to  twelve  years.  The  present  evidence,  though  incomplete, 
indicates  that  he  will  |)erhaps  outgrow  his  infection  in  about  ten  to 
twelve  v«'ar.s.  One  can-  has  recently  been  brought  to  my  attention 
in  which,  fioin  present  evidence,  the  inh-ction  seems  (o  have  existed 
for  eleven  \eai>,  although  I  lie  |)aticnl  \\  as  a|i|iai-eiil  ly  lenioved  fiom 
till  chance  of  reinfection. 

IJISTIMMI    rioN     AM)    FKKQl   F.NCY. 

(fKCMiUAriiic. — Hookworm  disease  in  man  i>  a  tiopical  and  sub- 
tropicul  nndady.      In  the  Inited  States,  the  Ohio  ami  l'<»tomac  rivers 
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constitute,  roughly  speaking,  the  northern  Hmit  of  endemic  infection. 
Cases  do,  however,  occur  farther  north,  but  such  instances  are  rare 
in  comparison  with  cases  in  the  South,  and  probably  most  instances 
of  infection  recognized  in  the  North  are  either  imported  from  some 
other  part  of  the  country,  or  from  some  other  country,  or  they  are 
instances  in  which  infection  has  occurred  in  mines. 

Racial. — The  indications  at  present  are  that  the  infection  is  more 
common,  but  with  less  severe  effects,  in  the  negroes  than  in  the  whites. 

Sex. — Authors  quite  generally  view  hookworm  disease  as  more 
common  in  males  than  in  females,  but  my  experience  is  the  reverse. 
Recently,  of  1,725  cases  and  suspects  I  have  examined,  922  persons 
(or  53.4  per  cent)  were  males  and  803  persons  (or  46.5  per  cent)  were 
females.  This  does  not  mean,  however,  that  the  malady  is  more 
common  in  males  than  in  females,  but  simply  that  I  examined  more 
male  cases  than  female  cases,  and  if  proportions  are  based  upon  the 
total  number  of  persons  seen  the  results  are  different.  For  instance, 
in  one  series  of  440  cases,  242  were  males  and  198  females;  but  the" 
242  males  represented  15.2  per  cent  of  1,583  males  examined,  while 
the  198  females  represented  16.1  per  cent  of  1,225  females  examined; 
thus  while  more  male  cases  were  actually  found,  the  percentage  of 
infection  was  greater  among  the  females.  The  relative  frequency  in 
the  two  sexes  will  doubtless  vary  according  to  local  conditions;  for 
instance,  in  mining  localities  a  higher  percentage  of  infection  may 
be  expected  among  the  males  than  among  the  females. 

Age. — Likewise  authors  assume  that  hookworm  disease  is  more 
common  in  adults  than  in  the  young.  This  might  easily  be  the  case 
in  a  northern  mining  district,  but  is  distinctly  at  variance  with  my 
experience  in  the  United  States,  as  is  shown  by  the  following  tables: 

Over  20  years  old 272  8uspects=18.5  per  cent  of  1,470 

Between  16  and  20  years  old .338  suspects=22.9  per  cent  of  1,470 

Under  16  years  old 860  suspects=58.5  per  cent  of  1,470 

Total '. 1,  470 

The  following  table  is  even  more  exact  as  to  the  point  at  issue : 


Males. 

Females. 

Total." 

Sus- 
pects. 

Hands 
seen. 

Per 
cent. 

Sus- 
pects. 

Hands 
seen. 

T'er 
cent. 

Sus- 
pects. 

Hands 
seen. 

Per 
cent. 

Over  20  years 

47 
51 
133 

809 
246 
452 

5.8 
20.7 
29.4 

60 
58 
63 

459 
319 
336 

13.0 
18.1 
18.7 

107 
109 
226 

1,268 
565 
828 

8.4 

10  to  20  years 

19.2 

Under  IG  years 

27.2 

Totalo 

242 

1,583 

15.2 

198 

1,225 

16.1 

M.020 

6  8.092 

12.6 

o  In  tlio  foregoinR  table,  the  totals  do  not  nil  n^ree  with  the  sum  of  the  respective  columns,  as  some  of 
the  totals  contain  additional  cases. 

b  1,014  suspects  in  S.OtiO  hands  of  59  mills,  plus  12  cases  in  23  mill  hands  examined  microscopically  in 
Augusta. 
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Fig.  12. 


Fig.  12.— Greatly  enlarged   view  of  a  hookworm  shortly  after  it  has 
hatched  from  the  egg.    Original. 

Fig.  13.— Figure  of  a  worm  about  seven  days  old.    This  is  the  so-called 
"encysted  stage"  and  is  the  stage  which  enters  man.    Original. 
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As  TO  SOIL. — Other  tilings  (especially  density  of  population  and 
climate)  being  equal,  hookworm  disease  is  much  more  prevalent  in 
areas  with  a  porous  soil  (as  a  sandy  soil)  than  in  localities  with  a  clay 
soil.  For  instance,  in  the  clay  belt  which  runs  southward  through 
the  Carolinas,  then  westward  through  Georgia  and  Alabama,  the 
infection  is  much  less  severe  and  less  conunon  than  in  the  sandy  areas 
toward  the  coast  and  in  the  mountain  areas  toward  the  west  and 
north.  It  is  easily  conceivable,  however,  that  special  conditions  as 
to  density  of  population,  shade,  etc.,  might  result  in  different  results 
in  a  given  area. 

City  and  rural  districts. — The  average  person  who  visits  the 
South,  visits  a  few  cities  such  as  Atlanta,  New  Orleans,  etc.  To  him, 
imless  he  is  an  expert  on  hookworm  disease,  the  statement  that  this 
is  an  exceedingly  common  disease  might  easily  seem  absurd.  But  no 
one  really  knows  the  South  unless  he  knows  the  rural  districts  in  addi- 
tion to  the  cities. 

In  a  city  Asith  a  good  sewer  s^'stem  hookworm  disease  vrill  not 
spread  (except  for  cases  due  to  such  factors  as  pollution  of  lots  and 
alleys),  hence  cases  need  not  be  expected  to  be  common. 

In  a  village  with  a  priv}'  system  the  disease  will  sjnead  in  propor- 
tion to  the  number  and  style  of  privies  and  to  the  carelessness  exer- 
cised in  keeping  the  toilets. 

It  is  especially  in  the  rural  districts,  or  among  persons  who  have 
recently  come  from  rural  districts,  that  hookworm  disease  is  foimd. 
This  is  due  to  tlie  ignorance  and  carelessness  exercised  in  the  rural 
ureas  in  respect  to  sanitary  matters.  In  a  tro])ical  or  subtropical, 
region  where  over  50  percent  of  the  farmhouses  and,  according  to 
estimate  ])y  competent  educators,  at  least  30  j)er  cent  of  the  coun- 
try scliools,  and  even  a  nnich  higher  j)ercentage  of  the  country 
churches,  have  no  toilet  closet  of  any  kind,  hookworm  disease  has 
an  excellent  chance  to  spread,  and  in  our  rural  South  it  is  one  of  the 
most  common  of  the  diseases.  My  present  estimate  is  that  not  less 
than  30  per  cent  of  (he  rural  iiihal)itants  of  our  Southern  States  have 
hookworm  ir»feetion.  In  some  restricted  localities  fidly  !)()  per  cent 
have  the  infection. 

Social  condition. — While  it  is  chiclly  among  persons  in  poorer 
fimmcial  condition,  who  live  in  insatiitary  surroundings,  that  we  fmd 
this  disease,  hookworm  j)iilients  are  fouiid  also  ann»ngtlu^  fimmcially 
helter  classes  iind  umong  the  better  ednciileij,  though  the  infections 
among  the  latter  are  usually  less  severe  as  well  us  h'ss  coiiunon. 

Is  H(  Hooi.s  AND  ('(UA.KCKH.  CollegCH  urc  kuowu  in  which  over  .'iO 
per  cent  of  the  students  show  infection  on  microscopic  examnuition. 
rountry  scliools  an*  known  in  which  .'io  to  ".>.')  prv  cent  of  the  ])upils 
hurl>or  hookworiua. 
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In  view  of  the  effects  wliich  hookworms  have  on  the  nervous  sys- 
tem, inckiding  inhibiting  effects  on  mental  processes,  this  disease 
must  be  viewed  as  important  in  connection  with  the  subject  of  edu- 
cation, more  especially  in  the  rural  districts. 

Ix  United  States  Army. — Several  members  of  the  Mechcal  Corps 
of  the  Army  have  recently  pubHshed  very  instructive  statistics  in 
regard  to  hookworm  infection  found  among  soldiers  who  were  suffi- 
ciently able-bodied  to  pass  the  physical  examination  for  enhstment 
into  the  army. 

Dr.  J.  F.  Siler  reports  85  per  cent  of  infection  in  140  Southern 
recruits  examined  at  Fort  Slocum,  N.  Y. 

Dr.  W.  P.  Chamberlain  examined  147  apparently  healthy  soldiers 
at  Jackson  Barracks,  La.  Of  these,  43  were  Southern-bred  recruits 
received  at  Fort  Slocum,  and  29  men  (or  67  per  cent)  showed  infec- 
tion. Among  57  Southern-bred  soldiers  who  were  in  their  first  en- 
hstment, infection  was  found  among  31  men  (or  54  per  cent).  Among 
33  Southern-bred  soldiers  of  more  than  three  years'  service  infection 
was  found  in  4  men  (or  11  per  cent).  Among  14  soldiers  who  had 
lived  little  or  not  at  all  in  the  South  no  infection  was  found. 

Light  infections  in  apparently  healthy  people,  as  found  among 
soldiers  and  among  college  students,  are  of  particular  significance 
in  connection  with  spreading  the  disease,  as  these  persons  act  as 
"carriers"  of  the  infection. 

DIAGNOSIS. 

There  are  three  methods  of  diagnosing  hookworm  disease — namely, 
by  microscopic  examination  of  the  fecal  material  to  find  the  eggs 
(p.  19);  by  judging  the  symptoms  (p.  26) ;  and  by  experimental  treat- 
ment and  finding  the  expelled  worms  in  the  stools  (p.  26). 

Microscopic  examination  of  feces.— It  is  rare  that  the  adult 
worms  are  seen  in  the  discharges  except  during  treatment,  but  the 
stools  of  hookworm  cases  contain  the  characteristic  eggs  (fig.  11)  of 
the  parasite,  and  by  finding  these  eggs  a  positive  diagnosis  can  easily 
be  made.  The  Southern  state  boards  of  health  and  the  Hygienic 
Laboratory  of  the  United  States  Public  Health  and  Marine-Hospital 
Service  are  making  this  examination  free  of  charge. 

Ordinary  tecKiiique:  For  ordinary  purposes  the  following  tech- 
nique is  sufficient:  Patients  are  instructed  to  furnish  about  half  an 
ounce  of  their  fresh  focal  material.  A  small  portion  of  tliis  is  taken 
up  on  the  flat  end  of  a  toothpick  (using  a  sei)arate  tt)othpick  for  each 
specimen)  and  smeared  on  a  slide  in  a  drop  of  water  (personally  I  pre- 
fer the  2  by  3  inch  rather  than  the  1  by  3  inch  slide;  and  in  hot 
weather  or  when  the  feces  are  especially  offensive,  trikresol  is  better 
than  water);  the  smear  should  be  uniform  and  not  too  thick;  no  stain- 
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ing  or  clrving  is  necessary;  a  cover  glass  (1  inch  square  is  a  good  size) 
Ls  placed  over  the  smear,  fluid  is  added  under  the  cover  if  necessary 
or  drained  off  in  case  too  much  is  present,  and  the  preparation  is 
examined  under  an  S-millimeter  (or  one-third  inch)  objective.  A 
mechanical  stage  is  unnecessary.  The  manipulation  of  the  slide  is 
rendered  easier  if  it  is  held  lengthwise  (if  a  1  by  3  slide  is  used)  rather 
than  other\\-ise.  In  heavy  infections  the  eggs  \\i\\  usually  be  found 
on  the  first  slide,  but  at  least  ten  such  prei)arations  should  be  exam- 
ined before  a  negative  opinion  is  expressed.  It  takes  about  thirty 
to  sixty  minutes  to  examine  ten  such  slides  properly. 
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'■"     "     -^"MoM  throiijjh  thnskin  of  a  (JoK  wllhin  two   lumrs  uUtr  it  li.is  Imcii  iiifcclcd  with   tho  Old 
WorM  Kookwonii.a    Grcully  rnlurnt-il. 

I'sually  eggs  will  Ix-  fMiMid  in  ficsli  feces  in  the  I  lo  S  cell  stage 
(fig.  11).  If  in  prrfcctly  fresh  .s|>ccinM'iis  rggs  are  found  in  tho 
.'iJ-<'<*il  stage  tlu-ro  is  u  chuncr  thai,  anolhcr  |)iiriisit('  (  Tri</i<istrt>n<fi/luJi) 
iH  present. 


"FlOM.  \C,  '2'\  hiiS'f  \ti-i'n  prcpan-il  from  ;i  HcricH  nf  nlides  of  iho  "()1<1  Worhl  Hook- 
worm," pn'M'Mli'd  lo  the  I'riilcil  SuiU-m  I'lililic  llciillh  iind  Marine- IloH]tilul  Sorv- 
ir«  l»y  I'rof.  Arthur  l/ixtt^,  of  Ciiiro,  K<,'y|»>.  Th<'y  mIiow  liow  the  worm  waiKlersfrom 
thexkiii  to  ihciiileHtitiit*.  TliiMdifVovery  l>y  I'rofes>«or  Ixkwh  re])n'M('nt^  one  of  I  lie  iiiowt 
imiMirUiiit  iliiK-overii'H  in  mo<iern  m<*<ii('ul  zooloj^'y. 
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If  free  embryos  are  present  in  the  fresh  feces  the  probabiHty  is 
that  the  Cochin  China  worm  (Strong yloides  stercoralis)  is  present. 

The  mouth  cavity  of  the  hookworm  embryo  is  about  as  long  as 
the  diameter  of  the  embryo  at  the  posterior  end  of  mouth  cavity;  in 
the  embryo  of  Strong ijloides  the  mouth  cavity  is  only  about  half  as 
lono-  as  the  diameter  of  the  embryo  at  the  posterior  end  of  the 
mouth  cavity. 

If  pressure  is  exerted  on  the  shde,  the  outer  covering  of  Ascaris 
eggs  may  rupture,  and  the  beginner  might  possibly  confuse  these 
with  hookworm  eggs.  The  beginner  in  this  work  may  also  be  con- 
fused by  various  vegetable  cells  foun<l  in  the  specimen,  which  he 
mistakes  for  eggs,  or  by  plant  hairs,  which  he  mistakes  for  embryos. 
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Fig.  17.— The  same  cut  transversely.    Some  larvw  arc  seen  in  the  lymph  capillaries. 

Strawberry  hairs,  especially,  are  mistaken  for  hookworms  by  persons 
not  familiar  with  this  class  of  work. 

Bass's  technique:  Experience  shows  that  in  sonio  light  inlections 
the  eggs  arc  so  few  as  to  l)e  easily  overlooked.  Bass  has  recently 
suggested  a  very  novel  jncthod  of  concentrating  these  ova,  by  using 
salt  solution,  or,  prefcra))ly,  calcium  chlorid,  in  a  solution  slightly 
heavier  m  specific  gravity  tiian  are  ti\e  eggs. 

B.ass  (1909,  June  15)  (lescribes  his  method  as  follows: 

Tho  specific  gravity  of  frcwli  uiiciiiaria  of^'RS  is  hclwccii  1  .Ono  and  1 ,100.  Wlicn  ihcy 
grow  old  this  is  increased  in  many  specimens. 

A  quantity  of  feces  is  well  diluted  witli  waler,  1  in  10.  and  strained  ihrnUK'h  gauzo 
to  get  rid  of  coarse  particles.     This  is  cejilrifugalized,  the  lluid  poured  off,  the  ecu- 
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trifuge  tube  refilled  and  oentrifuealized  again  until  all  the  diluted  feces  have  been 
used.  The  precipitate  i.'^  rewa.-^hed  several  times  with  water  a?  long  as  anything  can 
be  washed  out.  To  know  just  how  long  to  continue  the  centrifugalization  is  the  secret 
of  success.  One  must  learn  just  what  is  the  proper  time  for  his  centrifuge.  It  should 
be  carried  out  at  high  speed  and  just  long  enough  to  throAv  the  eggs  to  the  bottom. 
Too  long  centrifugalization  defeats  the  purpose.  With  a  centrifuge  running  3,500 
revolutions  per  minute,  ten  seconds  at  first,  when  there  is  much  matter,  and  then 
four  to  five  seconds  is  usually  the  proper  time.  The  centrifuge  must  be  steady.  This 
gets  rid  of  most  very  small  things,  those  having  fiat,  rough  surfaces  and  those  having 
a  specific  gravity  about  that  of  water.  Xow  the  precipitate  should  be  washed  as 
before,  using  calcium  chlorid  solution  of  a  specific  gravity  up  to  1,050.  (Calcium 
chlorid  is  preferable  to  other  salts  because  of  its  hygroscopic  property.  This  was  sug- 
gested by  Prof.  A.  L.  Metz.)  This  disposes  of  everything  having  a  specific  gravity 
below  1,050.  and  the  precipitate  may  now  be  examined.  There  frequenth-  remains 
a  considerable  amount  of  material,  much  of  which  is  considerably  heavier  than  the 
eggs  and  of  eych  a  character  that  it  interferes  much  with  their  recognition.    This 
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Fir,.  IK.— .Section  showing  larva;  In  axillary  glnn<l. 

material  may  be  removed  by  centrifugalizing  with  a  solution  sufiiciently  heavier 
ilian  tin*  eggw.  A  Hilution  with  a  sj.ecific  gravity  of  1,250  is  very  salisfadnry.  In 
eii(  h  a  wjjution  the  oggH  go  to  the  lop  and  otlier  inalcrial  below.  With  an  appropriate 
pi[MMt4'  one  rnay  remove  a  few  dro|»s  from  the  ."^urfat  »•  and  examine,  or,  what  is  still 
iH'tter,  jxtur  off  Hime  of  tin-  lop  fluid  <  onlaining  <'ggs,  dilule  with  water  siilliii«'ntly  to 
bring  the  Hjx-cific  gravity  below  i,().J(Jan<l  (••■nlrifuge  again.  The  precipitate  will  now 
contain  tntmt  of  the  eggn  contuiticd  in  the  original  atnoiint  of  feces  and  may  all  lie  put 
«in  <»iie  nlide  and  examined.  One  such  slide  contains  as  many  eggs  as  cniiid  be  found 
in  Bfvoral  hundred  ordinary  slide  preparations  of  feccH. 

PfpjHrH  techuKiut:  Dr.  Willijijii  IN-ppcr  (lOOS,  Mmcli)  Im.s  devcl- 
()|)«m1  slill  tiiiothcr  t('<lini<jin'.  'V\\v  fecal  Jimteritil  is  jinicli  dihitoil 
with  watrr  aii<l  then  crritrifu^iiIiziMl  ni  small  (|iianliti«'s.  i'lir  wiusli- 
in^  is  frrfjiM'iilly  rrjUMitiMJ,  uiid  wIumj  after  cjich  <('titiifu<.:nli/Mli()ii  tho 
su|)('rimtuiit  dirty  uatrr  i.s  thrown  jiway  and  fresh  water  jidded,  tho 
whuic  Ih  then  slwtkeii  ii|>  and  a^ain  placed  Id  the  (  eMirifii<;e.  In  this 
way  the  haeteria,  free  coloring  nuiller,  li;:ht  vj-^'etahle  jnatter,  etc., 
ore  Hoon  j^otten  rid  of  mid  mdy  the  heavier  ptirticle.s,  includinj;  any 


25 

ova  that  may  be  present,  will  remain.  After  about  six  lepetitions 
of  this  eliminative  washing  the  sediment  can  be  easily  and  satisfac- 
torily examined  under  the  low  power  of  the  microscope.  There  is 
then  left  no  obscuring  cloud  of  bacteria  or  fine  granular  debris,  but 
instead  each  ovum  stands  out  sharp  and  clear. 
Pepper  then  goes  on  to  say: 

In  endeavoring  to  remove  some  ova  from  a  slide  under  the  microscope  prepared  in 
this  manner,  by  touching  the  egg  with  a  very  finely  drawn  out  glass  tube  and  thus 
causing  it  to  be  carried  up  into  the  tube  by  capillary  attraction,  it  was  found  impos- 
sible with  the  ova  of  Uncinaria,  the  eggs  having  stuck  to  the  glass.  I  have  thus  fre- 
quently transferred  from  one  slide  to  another  the  ova  of  Ascaris  lumbricoides,  of  Tri- 


FiG.  19. — Section  showing  larvae  in  lymphatics. 

churis  trichiura,  and  of  Tania  saginata,  and  have  never  seen  them  adhere  at  all  to 
the  slide.  A  rather  peculiar  fact  to  be  noticed  in  this  connection  is  that  the  ova  of 
the  Uncinaria,  althougli  sticking  closely  to  the  gla-ss  slide,  do  not  seem  to  adhere  to 
any  of  the  many  other  constituents  of  the  stool.  When  a  drop  of  this  washed  sedi- 
mented  feces  is  allowed  to  stand  on  a  slide  for  a  few  minutes  and  then  gently  immersed 
in  water  and  examined  micro.scopically,  the  eggs  are  found  adliering  to  the  slide  wliilo 
all  else  has  been  washed  away.  If  additional  drops  are  placed  on  tlu>  slide  and  washed 
off,  the  slide  becomes  thickly  studded  with  the  eggs.  A  ring  of  aspliall  may  he  u.sed 
to  keep  the  drop  when  placed  on  the  slide  in  bounds,  and  also  serves  to  support  a 
cover  glass.  Both  the  Old  World  and  the  New  World  vari(>ty  net  in  the  same  way. 
The  ova  at  all  stages  in  their  development  belnue  in  llie  same  nuuMicr,  even  includ- 
ing those  in  which  a  living  embryo  could  be  seen  moving  within  the  egg.  Ova  were 
also  seen  to  develop  up  to  this  slagi;  wliiic  mounted  in  tliis  way  in  water  and  under  a 
cover  glass,  l)ut  were  not  ol)seived  to  progress  further.  For  demonstration  purposes 
this  method  has  proved  very  useful. 
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Diagnosis  by  symptoms. — The  recognition  of  well-marked  cases 
on  basis  of  symptoms  presents  very  little  difliculty  to  one  who  is  thor- 
oughly famihar  with  this  disease,  hut  in  general  for  every  case  so 
recognized,  one  to  several  cases  ^^■ill  be  in  doubt  or  will  entirely  escape 
the  chnician  who  may  depend  entirely  on  symptomatology. 

Given  a  patient  in  the  area  of  infection,  \dth  dry  hair,  dry  skin, 
dilated  pupil  or  with  unusual  tendency  to  dilatation,  with  tenderness 
in  the  epigastric  region,  continuing  toward  the  right  but  with  a  tend- 
ency to  disappear  toward  the  left,  with  winged  shoulder  blades, 
shoulders  sloping  down  and  forward,  slow  of  speech,  tallow-like  skin, 
poorly  developed  in  general,  anemia,  scant  pubic  and  axillary  hair, 
a  delayed  type  of  menstruation,  and  a  history  of  ground  itch,  espe- 


Fio.  20.— Section  throiiRli  llic  heart,  showiiiK'  ii  liirva  in  the  ct-ntor  o'f  the  ilhistration. 

cially  if  several  sucli  persons  cxisl  in  the  saiiir  family,  and  <liagnosi.s 
is  j)ni(ti(nlly  positive. 

I)iA(;\osis   in    KXi'Kin.MKN  lAi,    iKKA  iMKNT.     A.s   (lie  stale   boards 

of  hcaltli   arc  jnakiiig  diagnoses  fr )f  cliaigc,   there  is  little  il   any 

rea.son  for  not  having  ji  niicrosco|)ic  examination  tmide.  Al_  I  lie 
.same  lime  the  praetieal  diHi<'idly  must  be  fre(|nently  faced  thai  jnany 
rural  p<-o|)|c  wlio  lia\c  no  objection  to  a  microscopic  examination  (»f 
their  sj)ii(nm  and  urine  do  object  very  decidedly  to  fiirnisliing  sainplt^ 
of  their  stools.  This  may  appeal-  inr-omprchensiblc,  but  il  is  a  factor 
which  nni^l  be  scjinirely  faced,  .\gain,  in  icniote  rural  regions  il  is 
often  im|)nicticMble  lo  make  several  trips  to  the  house  to  obtain  a 
Htool,  and  it  is  often  impossible  to  induce  the  patienl's  family  (o  hike 
the  tioidde  of  sending  a  slool  to  the  physician.  In  such  ctt.ses  ahno.st 
tlie  onlv  |)lan  to  follow  is  to  institute  an  cxpciimeiital  Irealmenl  and 
»<•<•  if  hookworms  »ire  j)»i.s.sed. 
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TREATMENT. 

The  fundamental  principle  underlying  the  treatment  of  hookworm 
disease  is  the  same  as  that  which  underhes  the  treatment  of  all  other 
zooparasitic  diseases,  namely,  first  treat  the  parasite,  not  the  patient. 
After  the  parasite  is  treated,  attention  may  be  directed  to  treating 
the  patient. 

Although  hookworm  disease  may  occur  in  persons  in  any  walk  of 
life,  it  is  particularly  among  the  poorer  classes  that  it  is  found,  and  the 
average  hookworm  patient  (children  excepted,  to  a  certain  extent) 
can  not  afford  to  lose  several  days'  wages  to  undergo  treatment.  It 
is  therefore  frequently  expedient  to  conduct  the  treatment  Satur- 
day evening  and  Sunday  morning.  It  will  often  be  found  difficult  to 
arouse  the  interest  of  a  community  in  regard  to  the  presence  of  hook- 
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Fig.  21. — Section  through  the  lungs,  showing  two  larvae. 

worm  disease  and  the  need  of  treatment.  This  can  frequently  be 
done,  however,  if  it  is  borne  in  mind  tliat  the  resulting  anemia  is,  in 
common  with  other  anemias,  a  frequent  cause  of  amenorrhea. 

Warning. — Recalling  that  primarily  we  are  to  treat  the  parasite, 
not  the  patient,  it  should  be  remembered  that  if  too  great  a  quantity 
of  thymol  is  absorbed  by  the  patient,  alarming  symj)toms  and  even 
death  may  occur.  Accordingly,  the  patient  and  (he  patient's  family 
should  be  carefully  warned  not  to  permit  the  patient  under  any  cir- 
cumstances to  have  on  the  Sunday  during  which  tlie  treatment  is 
given  any  food  or  drink  containing  alcohol,  fats,  or  oil.  Patent  medi- 
cines should  be  mentioned  in  particular,  because  of  the  alcohol  many 
of  themcontain,  and  even  milk  and  l)uttersh<)uld  be  forbidden.  I  know 
of  one  case  of  serious  thymol  poisoning  which  followed  promptly  after 
the  patient  took  a  copious  drink  of  milk  the  (hiy  thymol  was  taken. 

Pi{ELiMi\ARY  TREA'i'MENT. — On  Satur(hiy  evening  give  a  do.se  of 
Epsom  salts.  The  reason  is  this:  The  hookworms  arc  surrounded  by 
more    or   less    mucus    and    partially    (Hgested    food.     Unless    this    is 
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removed,  the  thymol  may  not  reach  the  parasites,  but  may  reach  the 
patient,  and  this  is  contrary  to  what  is  desired,  as  the  thymol  is 
intended  for  the  parasite,  not  the  patient. 

Thymol  treatmextox  Suxdat. —  (1)  Position  of  patient:  Instruct 
the  patient  to  lie  on  his  right  side  immediately  before  taking  the 
drug  and  to  remain  in  that  position  for  at  least  half  an  hour  after. 
The  reason  for  this  is  that  many  of  these  patients  have  enlarged 
stomachs,  and  if  they  lie  on  their  right  side,  the  drug  has  the  benefit 
of  gravitv  in  passing  rapidly  from  the  stomach  to  the  intestine;  but 
if  any  otiier  position  is  assumed,  the  drug  may  remain  in  the  dilated 
cardiac  portion  of  the  stomach  for  some  hours  ami  result  in  consid- 
erable complaint  on  the  part  of  the  patient  and  delay  of  the  drug 
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it)  rcucliiiig   the  worms.      It  is  best  for  the  piiticiit    to  remain  in  bed 
until  after  10  o'clock  (see  next  paragraph). 

(2)  'riinr  of  dos(i(j( :  The  time  of  givmg  and  si/.e  of  dose  may  be 
arranged  «»n  either  of  (wo  phms,  depending  on  existing  conditions. 

(a)  The  j)bin  nsmilly  followed  is:  At  (>  a.  m..  one-lialf  of  (lie  total 
dos*'  of  thymol;  at  S  u.  m.,  one-linlf  of  iJie  total  dose  of  thymol;  nt 
10"  a.  ni.,  Kpsoin  salts  (never  castor  oil). 

(b)  If  the  case  is  itn  <'s|)eciMlly  severe  one.  or  if  (he  |)Mlien(  has, 
ujK)n  the  lirsl  Sunday's  treatment,  eomphiined  of  bniiiing  or  other 
elferis  of  thymol,  the  following  |>lan  is  nilo|)ted:  At  <»  n.  ni.,  one- 
third  of  the  total  dose  of  thymol;  at  7  a.  m.,  oiU'-thini  of  the  total 
dose  of  thymol;  ut  8  a.  in.,  one-tliini  of  ihr  total  dose  of  thymol 

«».Sf»rne  i)liyHi<iaii«i)r<'f«Tto!illow;i  ^lIl^lrr  linmisix  lin-i^^hl  huurn)  toclapHc  l»ctwoi'n 
th»«  liwt  <I'H<««  «if  thymol  sukI  tin-  K|iw)im  kiIih.  If  thiH  ])luti  i.s  fullowtul,  it  Im  wIho  to 
kw'ji  ihf«  iMiiif'tit  iiii<l<T  r.iili'T  <|(>twj  (dw^rvuliuii. 
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(if  unpleasant  symptoms,  as  a  sensation  of  severe  burning  in  the 
stomach,  have  appeared  this  third  dose  should  be  omitted) ;  at  10" 
a.  m.,  Epsom  salts  (never  castor  oil]. 

(3)  Food:  No  food  is  allowed  until  after  the  10  o'clock  dose  of 
Epsom  salts,  but  the  patient  is  permitted  to  take  a  glass  or  so  of 
water  after  the  thymol,  if  he  desires. 

(4)  Thymol:  Finely  powdered  thymol  in  capsules,  preferably  in 
5-grain  capsules,  should  be  used.  A  recently  proposed  modification 
in  the  dispensing  of  the  drug  promises  excellent  results;  this  is  to 
powder  finely  the  thymol  with  an  equal  amount  of  sugar  of  milk 
and  to  use  the  flat  capsule  (cachet)  instead  of  the  cylindrical  capsule. 
By  this  method,  the  packing  of  the  thymol,  sometimes  observed 
when  the  cylindrical  capsule  is  used,  is  avoided. 


Fig.  23.— Section  through  the  larynx,  showing  iwu  La  . ... 

(5)  General  rule  as  to  age:  In  the  table  of  dosage  given  in  the  next 
paragraph,  the  maximum  dose  per  day  to  be  adopted  as  a  routine 
is  given  for  various  age  grou{)s.  In  determining  the  dose,  however, 
the  rule  should  be  followed  of  taking  the  apparent  rather  than  the 
real  age  and  of  not  hesitating  to  cut  down  the  dose  even  lower  in 
case  of  unusually  severe  cardiac  symptoms  or  other  unfavorable 
conditions.  Thus  for  a  boy  16  years  old,  who  appears  to  be  only 
12  years  old,  or  in  wliom  the  anemia  is  especially  marked,  resulting 
in  severe  cardiac  symptoms,  the  quantity  of  thymol  should  be  reduced 
to  the  12  or  even  the  8-year  dose.  Some  authors  give  the  im- 
pression that  it  is  useless  to  give  thymol  for  this  disease  unless  the 
full  dose  is  administered.  This  view  is  not  in  harmony  with  my 
experience. 


oSome  phypiciana  prefer  to  allow  a  longer  time  (six  to  ovrht  houra)  to  elapse  between 
the  last  dose  of  thymol  and  the  Epsom  salts.  If  this  plan  is  followed,  it  is  wise  to 
keep  the  patient  under  rather  rlose  observation. 
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(6)  Size  of  dose:  The  following  doses  represent  the  maximum" 
amount  to  be  used  during  one  day's  treatment  for  the  age  groups 
in  question.  This  is  practically  the  same  table  that  the  Porto  Rican 
Commission  has  been  using: 

Grains. 

Under  5  years  old 7  J 

From  5  to  9  years  old .' 15 

From  10  to  14  years  old 30 

From  15  to  19  years  old . .   45 

From  20  to  59  years  old 60 

Above  60  years  old : 30  to  45 

Total  dose,  to  be  divided  as  indicated  in  paragraph  (2). 
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Fi<i.  'iA.  -All  ol<)  privy,  sliowiiiK  liow  soil  pollution  occurs. 

KKrKinioN  OK  TKKATMKNT.  The  foregoing  Irealmcnt  is  r('|>oated 
once  a  w«'ck.  |)n'hiiiiiiniv  tri'iiliiirnt  Sal  unlay  evening  and  lliyniol 
on  Sunday  morning,  mil  11  tin-  pulifni   is  disclimgi'd. 

I)l   iCATlnN    OF    TltKAIMKN  r.       'I"o     ITCogni/C     wIicIImT     llir     |)ll  IllsitCH 

are  all  rxjM'll(M|,  aixl  tlicrcfoir  (o  dctrrniiiM'  wlu-n  to  <inl  (ln'  (hymol 
trCHtment,  eitlMT  of  two  phnm  nmy  l»r  )ido[)ted,  namely: 

n  8<jmo  phyni«-iaim  iimj  iarg<T  doH<-«,  hut  lli'-  duH-s  Iht.-  jfivcii  ne<Mn  to  be  hirgo 
enough 
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(a)  Microscopic  exaraination:  On  Saturday  morning:  make  10 
microscopic  preparations  of  a  fresh  stool,  or*^  test  the  stool  by  the 
Bass  method  (see  p.  23).  If  eggs  are  still  present,  repeat  the  treat- 
ment; if  eggs  are  not  found,  discontinue  the  thymol.  It  takes  about 
thirty  to  sixty  minutes  to  make  this  examination  of  10  slides 
thoroughly. 


Fig.  2.->.-Rear  view  of  a  "  surface  privy,  open  in  hack,"  showing  how  soil  pollution  opcurs.    This  is  the 
most  common  .style  of  ])nvy  in  use  in  the  South. 

(b)  Cheese-cloth  method:  A  imicli  easier  way  of  recogniziiK>-  the 
completion  of  the  treatment,  and  foi-  practical  result^  nearh'  as 
satisfactory  as  the  niieroscopic  exiiniiiiation,  is  tlie  following:  [n.struct 
the  patient  to  wash  all  of  liis  stools  Sunday  and  Monday  through  a 
cheese  cloth  and  to  keep  the  cheese  cloth  nioist  and  l)ring  it  to'^the 
office  on  Monday.  While  the  fecal  material  will  wash  tlu-ouirh.  the 
worms  will  he  retained  in  the  cloth.  Continue  treatment  as  Tong  as 
worms  are  found  in  the  cheese  cloth. 
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Other  treatment. — If  desired,  iron  maybe  administered  on  the 
days  on  which  the  thymol  is  not  taken.  It  is  a  good  phm,  however, 
not  to  give  iron  during  the  first  week,  for  it  is  quite  important  to 
convince  the  patient  that  the  thymol  treatment  is  the  one  which  is 
really  accomplishing  the  lasting  good.  If  the  drug  is  taken  Sunday, 
the  patient  is  likely  to  begin  to  feel  some  benefit  by  Wednesday  or 
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Kio.  20— A  fliK)r  privy,  pull  systoiii,  closed  In  buck. 

Thursday;  his  family  is  likely  to  notice  it  on  Tliursdny  or  Friday. 
If  iron  is  given  during  (he  first  week  the  conilusion  may  possibly  bo 
drawn  by  tlu'  patient  that  it  is  really  tin-  iron  which  is  causing  the 
iinj>rovement ,  an<l  he  nuiy  di.scontiiuie  the  thymol.  Of  the  two, 
the  thymol  is.  of  course,  the  far  nuire  important,  for  it  reaches  the 
paruiiito,  while  the  iron  readies  only  the  jjatient. 


33 

PREVENTION. 


The  life  cycle  of  the  hookworm,  as  described  on  page  37,  makes 
it  clear  that  hookworm  disease  is  spread  by  soil  pollution.  '  As  the 
eggs  escape  from  the  infected  persons  in  the  fecal  material,  it  is  clear 
that  if  this  is  properly  disposed  of,  the  infection  will  not  spread. 


Fig.  27.— Vipw  of  a  floor  privy,  tub  system. 


Night  soil  should  be  burned,  or  boiled,  or  frniuMitcd,  or  it  should  bo 
buried  not  less  than  300  feet  away  and  down  hill  from  the  water 
supply  (well,  spring,  etc.).  It  should  not  bo  usetl  as  fiM-tihzer  unless 
It  is  first  boiled  or  fermented,  as  in  a  se])ti{'  tank.  Soil  pollution 
should  be  made  a  crime,  punishable  by  fine  or  imprisonment. 
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The  public  should  be  warned  to  guard  against  ground  itch,  as  this 
is  so  commonly  the  beginning  of  hookworm  disease  (or  ground  itch 
anemia).  It  is  particularly  in  warm  moist  weather,  or  in  moist 
places  during  warm  weather,  that  ground  itch  is  contracted.  Accord- 
ingly, the  infecting  stage  of  hookworm  disease  is  usualh*  more  common 
in  the  summer  and  early  fall  than  during  the  winter  and  early  spring. 


'^'-, 


K|i..  '.'s.  — \  lew  of  11  ll(ior  privy,  till)  syslnin,  closed  In  Imck. 

The  existing  iiifecfiou  in  the  SouIJi  is  «'asily  understood  if  the 
sanitiirv  condili<»ns  in  villages  jind  cspccijilly  in  tlic  open  country 
uro  HtM<li<'il.  The  iisiinl  style  ,,(  privy  CouikI  is  show  II  in  ligure  25. 
With  u  ejosel  of  thiit  type  the  spreinl  of  hookwonn  disease  and  of 
typhoid  fever  must  he  exp('eted.  Figure  J  I  shows  the  condition  of 
the  privy  on  l(»o  nnmy  farms.  Ahoiil  ')7  |»er  cent  of  'A,'.W.)  fnrin- 
lioUhCM  I  hav«'  tuhnlaled  for  six  of  the  Soulln'in  Stales  are  even 
worst^oir  than  that,  for  they  had  noelosetat  all.  Of  1 ,770  f.-Minhouses 
occupied   by  \vhit4!!4  35.S7  ja-r  cent   had  lut  privy,  and  of   1,5S)'.)  farm- 


35 

houses  occupied  by  negroes  80.42  per  cent  were  without  privy.  Thus, 
a  theoretical  maximum  of  soil  pollution  was  occurring  around  57 
per  cent  of  the  farmhouses  examined,  and  as  a  soil  polluter  the 
negro  is  far  in  excess  of  the  white.  In  a  region  where  negroes, 
showing  (p.  15)  a  relative  immunity  toward  hookworm  disease, 
bear  a  ratio  to  the  white  of  833  to  1 ,000  as  inhabitants  and  8,042  to  3,587 


Fig.  29.— View  of  a  floor  privy,  box  system,  closed  in  back.  This  system  is  somewhat  cumbersome  to 
work,  and  is  not  so  likely  to  be  water-tight  as  is  the  pail  or  tub  system;  further,  also,  repairs  are  mors 
expensive  and  more  difficult,  if  the  closets  are  not  made  properly. 

as  soil  polluters,  their  effect  on  the  general  health  of  the  population 
must  of  necessity  be  marked. 

To  prevent  hookworm  disease  it  is  nccessar\'  to  prevent  soil 
pollution.  In  rural  districts  this  should  be  done  by  a  compulsory 
privy  law.  In  towns,  it  is  best  to  license  the  privies  at  ^S  to  S5  per 
year  and  to  use  the  money  thus  collected  in  removing  the  night  soil 
and  furnishing  the  tub  and  disinfectant. 
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Figures  27  and  28  show  a  toilet  closet  designed  to  prevent  soil 
pollution.  The  following  are  the  chief  features  of  this  outhouse: 
The  floor  extends  under  the  seat  and  supports  tubs  or  pails;  the 
portion  holding  the  tubs  is  closed  in  back  by  a  door,  hinged  as  shown 
in  the  figures;  it  is  also  ventilated  at  the  sides,  the  ventilators  being 
wire  screened  to  keep  out  the  flies;  wire-screened  ventilators  are  also 
located  higher  up  on  the  sides  and  above  the  front  door;  the  seats 
should  be  provided  with  hinged  covers. 

The  tub  should  have  a  thin  layer  (say  quarter  of  an  inch)  of  sand 
or  other  dirt  on  the  bottom  and  should  be  filled  about  one-fourth  full 
with  some  fluid  disinfectant,  such  as  a  5  per  cent  solution  of  the 
compound  solution  of  cresol  (U.  S.  P.).  In  case  of  special  necessity  for 
economy,  the  tub  may  be  filled  about  one-fourth  full  with  water 
and  a  cupful  of  kerosene  poured  on  it  to  keep  insects  away;  in  this 
event,  however,  care  must  be  taken  against  throwing  burning  matches, 
etc..  into  the  tub.  The  tub  should  be  sufficiently  deep  and  its  floor 
sufficiently  below  the  seat  to  avoid  danger  from  splashing,  but  the 
top  of  the  tub  should  come  (juite  close  to  the  seat. 

If  the  South  would  adopt  and  enforce  comj)ulsory  privy  laws  and 
use  sanitarv  privies  there  woukl  be  a  great  reduction  and  gradual 
eradication  of  hookworm  disease,  and  at  the  same  time  a  great 
reduction  in  typhoid  fever,  amebic  dysentery,  and  other  soil-pollution 
disea.ses. 

For  a  more  detailed  discussion  of  the  sanitary  privy  see  Public 
Health  Bidletin  37. 

According  to  the  statistics  given  in  the  last  census,  the  average 
typhoid  death  rate"  for  the  entire  count ry  was  46.5  deaths  per 
100, 000  inhabitants,  and  the  average  negro  |)()j)uhition  11. G  percent. 

Fifteen  Stales,  which  stand  above  the  avciage  in  negro  population, 
average  34.34  per  cent  negroes  and  72.70  ty|)hoid  deaths  per  100,000 
inhal)itnnts. 

.Scventi'cn  States,  which  have  at  least  1  per  cent  but  not  over  10 
per  cent  ne<;ro  po|)ulation.  average  2.48  per  cent  negroes,  and  39.25 
ty()hoid  deaths  per  100,000  inhabitants. 

Highte;  ri  States,  which  ha\('  less  than  I  percent  negro  |)opulation, 
average  0.42  per  cent  negroes  and  2.')..')1  typhoid  deaths  per  100,000 
inhabitants. 

Thus  not  only  iiookwonn  dis«'ase  hut  typhoid  fever  also  follows 
the  nieiliifval  sanitarv  con<lilions  whicji  \\>\\v  followed  ihe  n(»gro. 
And  (p.  M)  35.8  per  cent  of  the  nual  whites  1  have  tabulated  aro 

"ThiiM*  Hiatintift4  an",  of  roiirw,  not  «iim|»lc(c,  hut  an  th«'y  urr  ^'uthcrcd  hy  the  8amo 
mc'th'x]  in  ull  tin*  HlalfH  f)f  tin*  rioiirc^^'iHtrulioti  urea,  it  iH  fair  to  um?  Ihcni  in  u  com- 
|>armtiv<.<  t«tal<-m«'nt  for  noiin'i,'i?<lration  (JiMlritt.H;  if  any  injuHtirc  cxintt*  in  tliin  cdin- 
l^riaon,  it  in  un  iajUBliro  to  thv  rug  intra  I  iou  .Stat4»<. 
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living  under  sanitary  conditions  not  better  than  those  of  80.4  per 
€ent  of  the  rural  negroes. 

In  some  sections  of  the  United  States  the  sanitary  conditions 
surrounding  many  rural  schools  and  rural  churches  are  scarcely 
other  than  mediasval.  Because  of  an  absence  of  a  privy,  soil  pollu- 
tion at  these  places  may  spread  disease  to  the  pupils  and  the  infection 
may  be  carried  to  uninfected  homes.  An  immediate  and  radical 
reform  in  the  sanitary  surroundings  of  such  schools  and  churches  is 
urgently  needed. 

LIFE    HISTORY    OF   THE    HOOKWORM. 

The  adult  hookworms  live  in  the  small  intestine,  occasionally  in 
the  stomach.  They  mate  in  the  bowels,  and  the  females  deposit 
numerous  eggs  (fig.  11).  The  eggs  do  not,  however,  undergo  full 
development  until  they  are  discharged  with  the  fecal  material  from 
the  host.  Thus,  every  individual  hookworm  found  in  the  intestine 
represents  infection  with  a  separate  germ. 

Free  life. — After  a  short  time  (eight  hours  to  several  days),  the 
period  varying  according  to  conditions  of  heat  and  moisture,  a  tiny 
embryo  (fig.  12)  develops  in  each  egg.  This  embryo  breaks  through 
the  eggshell  and  feeds  on  the  ground  or  in  the  night  soil.  In  the 
course  of  two  days  or  so  the  embryo  sheds  its  skin  but  continues  to 
feed.  After  about  a  week  the  worm  sheds  its  skin  again,  but  con- 
tinues to  live  inside  of  its  discarded  skin,  and  it  no  longer  takes  any 
food.  During  this  development,  the  rapidity  of  which  may  vary 
according  to  circumstances,  the  worm  undergoes  a  growth  in  addition 
to  certain  changes  in  structure.  The  worm  which  lives  in  its  second 
cast-ofi"  skin  (fig.  13)  represents  the  infecting  stage  which  enters  man 
and  is  sometimes  called  the  "encysted  stage."  It  may  live  in  this 
condition  for  five  months,  perhaps  longer. 

Mode  of  infection. — Infection  may  occur  in  two  different  ways, 
namely,  per  mouth  or  per  skin. 

Mouth  infection:  Formerly,  infection  by  mouth  was  supposed  to  be 
the  only  method  by  wliich  the  worms  entered  the  human  body. 
Then,  when  the  metliod  of  skin  infection  became  known,  opinion  went 
to  an  extreme  and  there  was  a  tendency  to  ignore  or  minimize  the 
mouth  infection.  Oj)inion  is  now  moving  back  again  in  the  other 
direction  and  indications  are  accumulating  lo  support  the  view  that 
infection  hy  mouth  is  hy  no  mcMins  rare  or  exceptional. 

SJcin  infection:  If  the  infecting  stage  (fig.  13)  gets  ujion  (he  skin, 
either  of  persons  wlio  go  l)aref()()ted  or  who  liancUe  infected  dirt,  the 
worm  l)ores  its  way  into  Mic  |)or"<>s,  as  into  hair  folhch's,  and  (>scaj)cs 
from  its  surrotunhng  shcath-Hke  skin.  It  th(Mi  stai'ts  on  its  |)assage 
through  the  body  (figs.  lG-23).     It  may  enter  the  blood,  pass  through 
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the  heart  (fig.  20\  filter  out  in  the  hings  (fig.  21  \  crawl  up  the  trachea 
(fig.  22).  dowii  the  esoj)liagus.  through  the  stomach,  and  find  its 
way  to  the  small  intestine.  In  laboratory  experiments  on  animals, 
the  worms  may  be  found  in  the  intestine  eight  to  fourteen  davs 
(possibly earlier)  after  the  skin  infection  has  been  ])racticed.  Arriving 
in  the  intestine,  the  worm  sheds  its  skin  two  more  times,  becomes 
adult  and  mates,  and  Looss  has  proved  in  the  case  of  the  Old  World 
hookworm  that  eggs  may  be  found  in  the  stools  seventy-one  days 
after  infection. 

Claude  Smith  found  eggs  in  the  feces  six  and  one-half  weeks  and 
seven  weeks  after  experimental  skin  infection  on  two  pei"sons  with 
the  American  parasite. 
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